Introduction
Spontaneous coronary artery dissection (SCAD) is an underdiagnosed and poorly understood condition that frequently affects young women without cardiovascular (CV) risk factors and can cause myocardial infarction (MI), cardiac arrest, or death. 1 Spontaneous coronary artery dissection is defined as a spontaneous, nontraumatic, non-iatrogenic, and non-atherosclerotic separation of the coronary arterial wall by intramural haemorrhage, which can be elicited by intimal tear or spontaneous haemorrhage. 1 This creates a false lumen with intramural haematoma (IMH) that compresses the true lumen causing myocardial ischaemia or infarction. Spontaneous coronary artery dissection typically occurs from an underlying predisposing arteriopathy that weakens the wall, with or without precipitating stressors. 1, 2 Spontaneous coronary artery dissection was previously reported as rare, however, it had been underdiagnosed and the true prevalence is unknown. In a large 2009-14 National Inpatient Sample analysis, 1% of 750 000 women with MI who underwent coronary angiography were reported to have SCAD. 3 However, in contemporary studies with improved SCAD diagnosis, SCAD was reported to cause 24-35% of MI in women age <60 years. 4 Among men and women presenting with acute coronary syndrome (ACS) undergoing coronary angiography, SCAD was reported in 1.0-4.0%. 2, 3 Since angiography does not image arterial walls, intracoronary imaging [optical coherence tomography (OCT) or intravascular ultrasound (IVUS)] may be necessary to confirm SCAD in ambiguous cases. 5 New angiographic SCAD classification 6 has aided SCAD diagnosis on angiography, which remains the current gold-standard for diagnosis. Despite recent improvements in diagnosis and recognition of the importance of SCAD, it remains poorly studied and understood. Spontaneous coronary artery dissection publications are mostly limited to case reports and non-prospective series, with absence of randomized trial data. Both the American Heart Association and European Society of Cardiology, SCAD working groups recently published scientific statements summarizing the evidence to date and recommendations for management and screening. 2, 7 However, there are diverse aetiologies, stressors, and management strategies, with as yet unclear estimates of recurrence and prognosis. Therefore, we designed the Canadian SCAD cohort study, a large, observational, prospective, cohort study, to describe the natural history of SCAD and to provide the justification and foundation for future randomized clinical trials. Here, we report the in-hospital and 30-day outcomes.
Methods
This is a multicentre, prospective, observational study of consecutive patients with non-atherosclerotic SCAD from 20 centres across Canada and two centres in the United States (Supplementary material online, Appendix S1). The study was registered at ClinicalTrials.gov (NCT02188069) and approved by the local research ethics boards of each participating centre. All patients provided written informed consent for participation. We included patients with new SCAD presentation with ACS, and documented SCAD on coronary angiogram confirmed by core laboratory. We excluded patients with atherosclerotic disease in other coronary arterial segments with diameter stenosis > _50%. The study was managed by the University of British Columbia Cardiology Research group.
Angiographic spontaneous coronary artery dissection diagnosis
All coronary angiograms were reviewed by the independent Cardiovascular Imaging Research core laboratory and classified according to the Saw angiographic SCAD classification. 6 In brief, Type 1 SCAD (evident wall stain) depicts classic contrast dye staining of arterial wall with multiple radiolucent lumen, with or without dye hang-up or slow contrast clearing from the lumen. Type 2 SCAD (diffuse stenosis) depicts diffuse (>20 mm) and smooth narrowing that can vary in severity; Type 2A describes presence of normal arterial segments proximal and distal to SCAD; Type 2B describes dissection that extends to distal tip of the artery. 5 Type 3 SCAD (mimics atherosclerosis) depicts focal or tubular stenosis that appears similar to atherosclerosis, and typically requires OCT/IVUS to prove presence of IMH and/or intimal dissection. Coronary segments were defined by the Bypass Angioplasty Revascularization Investigation classification. 8 Other angiographic characteristics, left ventricular ejection fraction (LVEF), and wall motion abnormality were recorded.
Baseline characteristics
Baseline demographics, past medical history, pregnancy history, hormonal therapy, preceding emotional and physical stressors, CV risk factors, and family history were recorded from patient reviews, hospital records, and patient-completed questionnaires. All patients completed detailed questionnaires on potential predisposing and precipitating stressors, gynaecologic history, clinical symptoms, and family history. Emotional stress was defined as major stress at hospital admission, and categorized as > _3 severity on a 4-point scale (mild, moderate, high, or severe). The Perceived Stress Scale was also administered. Physical stress was defined as new or unusually intense physical activity within a week of hospitalization. Intense isometric activity was defined as lifting >50 pounds. Active and prior hormonal therapy and other potential precipitating stressors (e.g. intense retching, vomiting, straining with bowel movement, use of recreational drugs, active pregnancy, breastfeeding, labour and delivery) were recorded.
Hospital clinical characteristics
Hospital presentation, electrocardiogram (ECG), laboratory results, need for revascularization [percutaneous coronary intervention (PCI) or coronary artery bypass surgery (CABG)], ventricular arrhythmia (sustained ventricular tachycardia or fibrillation), LVEF, cardiogenic shock, need for haemodynamic support, urgent repeat coronary angiography, and urgent repeat revascularization were recorded.
Predisposing conditions
Pregnancy history (gravidity and parity), current pregnancy or peripartum (3rd trimester or within 12 months of delivery) 9 state, presence of fibromuscular dysplasia (FMD), inherited connective tissue disorders (CTDs), systemic inflammatory conditions, and coronary artery spasm history were sought. Multiparity was defined as having given birth > _4 times and grand multiparity > _5 times with gestational age > _24 weeks; grand multigravida defined as pregnancy > _5 times. 10 Fibromuscular dysplasia screen was recommended for the renal, iliac, and cerebrovascular arteries with catheter-based or CT angiography at the discretion of site physicians. 10, 11 Fibromuscular dysplasia diagnosis was defined according to the American Heart Association criteria of multifocal disease (string-of-bead appearance) 12 in > _1 extracoronary vasculature. Clinical follow-up and outcomes
Patients were followed routinely during their hospital stay, and after discharge by telephone/office contact at 1, 6, 12 months, and annually thereafter for 3 years. Patients were consented into the study preferably during the acute hospitalization, but may be enrolled within 3 months of the SCAD event if there were logistical challenges (e.g. patients transferred back to referral hospitals, angiograms done at non-enrolling sites). The Seattle Angina Questionnaire was administered at baseline 6, 12, 24, and 36 months. Medications administered on discharge and at each follow-up were recorded. In-hospital major adverse events (MAE) included the composite of all-cause mortality, stroke/transient ischaemic attack (TIA), re-infarction, 14 cardiogenic shock (requiring medical or mechanical haemodynamic support), congestive heart failure (CHF), cardiac arrest (severe ventricular arrhythmia requiring defibrillation or antiarrhythmic agents), repeat revascularization (or unplanned revascularization), and cardiac transplantation. High-risk presentation was defined as in-hospital death, cardiac arrest, cardiogenic shock, ejection fraction <35%, or LM dissection. Thirty-day major adverse cardiovascular events (MACE) included the composite of all-cause mortality, stroke/TIA, recurrent MI (including recurrent SCAD), CHF, and revascularization. Recurrent SCAD was defined as de novo recurrent spontaneous dissection with new MI symptoms and enzyme elevation, not involving extension of dissection of the original SCAD lesion. 15 
Statistical analysis
Patient characteristics were summarized with mean ± standard deviation or median and interquartile range for continuous variables, and with counts and proportions for categorical variables. Event rates and 95% confidence intervals (CIs) are reported for each of in-hospital MAE, postdischarge 30-day MACE, and total 30-day MACE. Univariate and multivariable logistical regression analyses were performed to identify clinical predictors for each outcome. Based on clinical input, 18 predictors were evaluated using univariate models and considered for inclusion in multivariable models. Predictors tested included demographic (age), CV risk factors (hypertension, diabetes, dyslipidaemia, smoking, and CTDs), patient histories (depression, anxiety, prior cerebrovascular accident (CVA), number of pregnancies, post-partum, and use of fertility treatment), predisposing arteriopathies (FMD), and precipitating stressors (emotional, physical, isometric, and hormonal stress). Connective tissue disorder was forced into the multivariable model of in-hospital MAE as it was deemed to be clinically important. Other variables were selected using a forward selection method with a significance level of P-value <0.20. Odds ratios (ORs) with corresponding 95% CIs were reported.
The multivariable models for both in-hospital MAE and 30-day MACE are based on the female population only, which comprised 88.5% of the overall SCAD cohort. A two-sided P-value <0.05 was considered to indicate statistical significance. Statistical analyses were performed with SAS version 9.4 (Cary, NC, USA).
Results
We prospectively enrolled 750 patients from June 2014 to June 2018 from 22 centres presenting with acute SCAD. The study enrolment flowchart is depicted in Figure 1 , with complete follow-up at 1 month. Baseline characteristics are summarized in Table SA ). Only 12.7% had no prior pregnancies; 10.1% had > _5 prior pregnancies, 9.6% had > _4 prior births, and 2.6% had > _5 births. Thirty-four (4.7%) were peripartum (1 in 3rd trimester pregnancy). Nineteen (2.9%) were still breastfeeding during SCAD presentation.
For hospital presentation ( defibrillator). Troponin levels were elevated in 97.6%. The main presenting symptom was chest pain (91.5%). Median LVEF was 55% (50-60); 25.6% had LVEF <50% and 3.8% had LVEF <35%. Wall motion abnormality occurred in 82.3%.
Angiographic characteristics are described in Table 3 . Optical coherence tomography was performed in 5.5% and IVUS in 2.1%. Majority of SCAD involved a single coronary artery territory (86.9%). The most common coronary artery dissected was the left anterior descending artery and branches (52.1%) (Figure 3) . Among the 1002 dissected arteries, majority had Type 2 angiographic SCAD (60.2%). Type 1 SCAD occurred in 29.0% and Type 3 SCAD in 10.8%. Median angiographic stenosis was 79.0% (65.0-100), and median dissection length was 33.2 mm (22.2-48.9).
Precipitating stressors and predisposing conditions were frequently observed (Table 4) . Overall, 66.4% reported potential precipitating stressors: emotional stressors 50.3% (perceived stress scale > _20 in 41.2%), physical stressors 28.9%, and heavy isometric activities lifting >50 pounds in 9.8%. Potential predisposing conditions occurred in 49.9%, but 45.2% had no or incomplete screening for FMD (Supplementary material online, Table SB ). Fibromuscular dysplasia was most commonly observed, with multifocal changes in 31.1% of our overall cohort [56.7% (233/411) amongst those who had complete FMD screening]. Of the FMD screens performed, 52.4% were CT angiography, 43.6% catheter-based angiography, and 4.0% MR angiography. Cerebral aneurysm was present in 7.1% who underwent cerebrovascular imaging. Other predisposing conditions were less frequent, and 50.1% were deemed idiopathic. Relevant family history included any aneurysm in 13.5%, sudden death 15.1%, any arterial dissection 3.1%, SCAD 2.4%, and FMD 0.8%.
Majority of patients (n = 648, 86.4%) were treated conservatively as the first initial strategy; of these, 13 (2.0%) required subsequent inhospital PCI, and 2 (0.3%) underwent CABG. Overall, 110 patients (14.7%) underwent revascularization (14.1% PCI, 0.7% CABG) ( Table 5 and Take home figure) . Eleven (1.5%) underwent fibrinolysis, of which four required subsequent PCI. Of the 106 patients who underwent PCI, 85 cases were planned, 18 unplanned, and three were performed on non-SCAD lesions (SCAD was missed). The rationale for revascularization are listed in Supplementary material online, Table SC, with the most common reasons being ongoing chest pain or ECG ischaemia. Of the 103 PCI cases performed for SCAD, 29.1% was deemed successful, 40.8% partially successful, and 30.1% unsuccessful.
The median hospital stay was 4 days (IQR 3 days). During hospitalization, MAE occurred in 66 (8.8%) ( Table 6 ). Iatrogenic catheterinduced dissection occurred in 9 cases (1.2%). High-risk presentation occurred in 7.6%. Peripartum SCAD patients were more likely to have high-risk presentation (23.5% vs. 6.8%, P = 0.003) than nonperipartum patients, as well as higher in-hospital MAE, higher troponin elevation, more multivessel SCAD, and iatrogenic dissections (Supplementary material online, Table SD ). Post-discharge within Figure 4) . In multivariable analysis, only peripartum SCAD remained significantly associated with in-hospital MAE. Peripartum SCAD was also independent predictor of high-risk presentation (OR 4.56, 95% CI 1.94-10.62; P < 0.001). Univariates associated with 30-day MACE included age, smoking history, CTDs, > _5 pregnancies, and peripartum SCAD. However, in multivariable 
Discussion
This is the first prospective multicentre study of patients presenting acutely with non-atherosclerotic SCAD. It is also the largest and the only study with core laboratory adjudicated SCAD to date. We found that survival to 30 days was good despite the majority being treated conservatively, but 30-day MACE was high (8.8%). Important novel findings include peripartum SCAD and CTD being independent predictors of 30-day MACE. Our study differs from prior SCAD case series, and extends beyond the single-centre Vancouver experience that we previously reported. 10, 11, 16 Enrolling patients prospectively after acute SCAD ensures that all CV outcomes were methodically collected to ascertain the natural history of this disease. Clinical events were reviewed and verified by source documentations to ensure accuracy. This article provides detailed short-term outcomes in SCAD patients, which were not previously reported and are important to guide management and physician/patient education. Survival to discharge was excellent, with only one in-hospital death, and the remainder survived to 30 days. Despite the majority (86.4%) being treated conservatively as the initial treatment strategy, most patients survived hospitalization without MAE. Of note, in-hospital recurrent MI occurred in 4.0% and unplanned revascularization in 2.5%, highlighting the need for monitoring in-hospital for recurrent ischaemia and potential urgent revascularization for failed conservative therapy. Importantly, high-risk presentations were not infrequent (7.6%). Conservative therapy may be inadequate for these patients, and clinicians should have low thresholds for revascularization and/or supportive haemodynamic therapies. Within 30 days after discharge, recurrent MI occurred in a further 2.1% of patients, and unplanned revascularization in 0.1%. This highlights the small but residual risks of extension or recurrent dissections post-SCAD, and the need for surveillance of recurrent ischaemia post-discharge. Importantly, repeat presentations with chest pains or other cardiac reasons were frequent (4.9%) within 30 days of SCAD. Although half of emergency room visits did not require admission, these patients should be investigated for recurrent MI. Interestingly, stroke/TIA occurred in 1.2% within 30 days; most were deemed ischaemic, except for one cerebral haemorrhage (no carotid/vertebral dissection). Peripartum SCAD and CTD were independent predictors of 30-day MACE, highlighting the need for clinical vigilance in these cohorts. Our study also provides valuable insights on the background characteristics of SCAD patients. The mean age of our 'all-comers' cohort was 51.8 years, reflecting a young to middle-aged group of women at risk for this condition. [16] [17] [18] [19] A few smaller studies reported younger mean ages in the forties, [20] [21] [22] which were likely inaccurate as these were small, retrospective studies, and preferentially included patients who had more severe SCAD (younger peripartum cases) or selfselected (voluntary online registry). The age range of patients in our study was 24-89 years (9.2% were older than 65 years), and 88.5% were women, therefore, SCAD should be in the differential diagnosis of all women presenting with MI, not just young women. Precipitating stressors were commonly reported (66.4%) in our SCAD cohort, including emotional and/or physical stress. This important observation should be taken into consideration for subsequent lifestyle changes, including referral to cardiac rehabilitation programmes with SCAD-specific recommendations that include restrictions in weight lifting and psychosocial support. 23 Predisposing conditions were also common (half our patients), even though only 54.8% had complete FMD screen. We recommended that FMD screening be performed for all patients; however, this was at the discretion of treating physicians and were not routinely done. As such, only 31.1% of the overall cohort screened positive for FMD (56.7% amongst those who had complete FMD screening), which was lower than our previously reported co-prevalence of 63-86%. 10, 11, 16 Furthermore, CTA was the primary mode of FMD screen (lower sensitivity) in this study, as opposed to catheter-angiography in our prior Vancouver series. 10, 11 We expect more patients to be screened for FMD during remainder of the study, and the incidence of extracoronary FMD should be higher. Other potential predisposing conditions were much less frequent. Patients with peripartum SCAD had higher likelihood of high-risk presentation and inhospital MAE. They had more LM and proximal artery SCAD, multivessel, and multisegmental SCAD, which culminated in larger MI and worse LVEF. These findings confirm prior Mayo Clinic study on pregnancy-associated SCAD, although they included patients who were pregnant or < _12 weeks postpartum, 24 whereas we defined peripartum as the period from 3rd trimester pregnancy to within 12 months of delivery. Coronary angiographic core laboratory analysis was central for patient inclusion for our study, and a fundamental strength of this study. This ensured that all enrolled patients had verified angiographic SCAD and were uniformly classified. 5, 6 Angiographic diagnosis of SCAD can be challenging, both with under-diagnosis and 'over-calling'. We have observed that angiographers have improved their SCAD diagnostic skills on angiography remarkably over the past few years. Some critics are concerned that the pendulum may have swung too much the other way with 'over-calling'. Twenty-four cases were excluded by our core laboratory. In ambiguous cases, intracoronary imaging can be invaluable to confirm diagnosis. Of note, iatrogenic catheter-induced dissection can be a drastic complication in patients with SCAD, 25 and our reported incidence was 1.3%. Thus, meticulous and cautious angiographic techniques are mandatory when imaging SCAD patients. From early experience, we learnt that PCI for SCAD patients was fraught with challenges, including poor success rates, extension of dissections, iatrogenic dissections, and need for long stents. 10 The decision to revascularize can differ widely amongst clinicians and this Take home figure Top: treatment flow diagram and bottom: cumulative incidence of 30-day major adverse cardiovascular events.
Canadian SCAD cohort study is the first study to capture the rationale for revascularization. In our cohort, 86.4% of patients were treated conservatively and the in-hospital event rates were highly favourable. For those that underwent revascularization, the majority had PCI, with 30.1% being unsuccessful. These findings reaffirm current recommendations for conservative therapy as first-line treatment in position statements. 2, 7 However, patients with high-risk presentation (e.g. peripartum SCAD) should be considered for emergent invasive management if conservative therapy is unlikely to be sufficient.
Limitations
Our study is non-randomized, however, our large, multicentre, prospective enrolment of SCAD patients enabled us to evaluate the natural history and outcomes according to real-world management in an objective manner. We attempted enrolling all consecutive nonatherosclerotic SCAD patients at each site to minimize bias; however, we cannot be certain that all patients were enrolled, particularly those who did not survive to hospital presentation, or diagnosis that was missed on angiography. A small proportion (17.6%, n = 132) of this current cohort was included in prior publication as part of the Vancouver SCAD cohort 16 ; the remainder majority in this current study were new unreported patients. The majority (60.0%) were enrolled acutely in-hospital, 31.3% within a month, and the remainder within 3 months of SCAD presentation. However, we only allowed post-discharge enrolment of patients if all in-hospital and readmission records can be obtained to ensure that all events were collected. The small number of peripartum patients rendered it challenging to make definitive conclusions; nevertheless, peripartum SCAD remained an independent predictor of high-risk presentation and 30-day MACE.
Conclusion
Spontaneous coronary artery dissection predominantly affects young and middle-aged women, and primarily presents with MI. Despite conservative therapy in the majority of patients, acute in-hospital and 30-day survival is good. However, significant CV complications accrued within the first 30 days post-SCAD, including recurrent MI, unplanned revascularization, stroke, and recurrent emergency room visits. Longer-term follow-up of this large prospective cohort, and further investigations on pathophysiology, risk and predictors of recurrence, and management are warranted.
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